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Abstract 
The correction for extraneous continuum is 
of great importance in the quantitative analysis 
of thin sections of biological tissue. Although a 
theoretical model for this correction is availa-
ble, its application in practice meets with 
problems. In this paper, a model system, consis-
ting of sections of homogeneous plastic on copper 
mesh grids was used to identify sources of 
inaccuracies in the quantitative procedures. An 
unmodified electron microscope was operated under 
standard analytical conditions. It appeared that 
geometrical factors connected with the position 
of the analysis relative to the grid bars were of 
prime importance. The correction for the contri-
bution of the support film to the continuum 
should ideally be carried out at the same loca-
tion with respec t to the grid bars as the mat-
ching measurement on the section. Also the 
position of the analysis with respect to its 
coordinates on the grids is important, in parti-
cular when the possibility of absorption of 
X-rays by the specimen holder exists. The use of 
slot grids (rather than mesh grids) may alleviate 
th~s problem at least in part. Additional factors 
of importance are differential mass loss in 
specimen and film, as well as undetected varia-
tions in specimen current. 
Key words: Biological microanalysis, quantitative 
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Introduction 
Quantitative X-ray microanalysis of biologi-
cal thin sections is generally carried out with 
the 'continuum' or 'Hall' method (Hall 1971, Hall 
et al. 1973). In this method, the peak intensity 
is divided by the continuum intensity as a 
measure of the irradiated mass. Accurate determi-
nation of the continuum intensity thus is a 
prerequisite for successful quantitation. Unfor-
tunately, several sources apart from the specimen 
itself contribute to the observed continuum. 
Since, however, only the continuum generated by 
the specimen itself is relevant for the quantita-
tive procedure, the total continuum has to be 
corrected for contributions from extraneous 
sources such as the grid, the film covering the 
grid, the specimen holder and the electron 
microscope. 
Originally it was proposed to determine the 
extraneous contribution to the continuum by 
placing the beam on a part of the grid without 
specimen (only covered by the thin support film) 
and subtracting the continuum intensity obtained 
in this measurement from the total continuum 
(Hall et al. 1973). However, the estimate of the 
extraneous continuum given by this measurement is 
too low, since it underestimates the contribution 
of electrons that are scattered by the specimen 
and subsequently excite the grid (Janossy and 
Neumann 1976). Gupta and Hall (1979) developed a 
correction method for extraneous continuum that 
is now routinely used in quantitative X-ray 
microanalysis of biological thin sections. 
Roomans and Kuijpers (1980) showed how the 
contributions of various sources to the total 
continuum could be calculated in practice. The 
equations given in that paper are equivalent to 
those developed by Gupta and Hall (1979). 
The equations that can be used for the 





w = w - w 
sp,net total ext 
(2) 
where W denotes the continuum intensity and G the 
characteristic intensity of the material of the 
gr id (e.g. , copper) . The subscripts stand for 
extraneous (ext), film, specimen (sp), grid, net 
contribution of the specimen (sp,net) and total, 
respectively. Three ( sets of) measurements are 
necessary to calculate W : ( 1) on the 
specimen ( including the filn\'f'!1et1iis gives W 
. . . total 
and Gsf (2) on the film - this gives Wfilm and 
Gfil nd (3) on a naked grid, either by direct 
irra~iation of a grid bar or by a measurement in 
the middle of a grid square ('hole count') - this 
gives W and G . 
grid . grid . . 
In practice, the application of this method 
may meet with difficulties. It can be found, 
e.g., that occasionally G . >G , or that W > 
W . film sp ext 
total 
Studies by Nicholson et al. (1982) and 
Warner et al. (1985) have dealt with some of the 
problems associated with the determination of the 
extraneous continuum. These papers stress the 
need for a reduction of the extraneous continuum 
and reach this objective by, among other things, 
changing the design of the specimen holder or 
parts of the electron microscope, in particular 
the objective polepiece. 
In the present paper, it was attempted to 
identify the sources of problems in the determi-
nation of the extraneous continuum in an unmodi-
fied, conventional electron microscope under 
routine operation conditions. The main test 
specimens used were relatively thin sections of 
epoxy plastic placed on copper mesh grid covered 
by a Formvar film. This configuration was selec-
ted because of the relatively strong extraneous 
component of the continuum, so that any problems 
would be easily noticeable. 
Methods 
The test specimens were sections of poly-
merized epoxy resin (Polarbed 812, Polaron, 
Watford, UK), mounted on Formvar-film covered 150 
mesh copper grids (Veco Stork, Eerbeek, The 
Netherlands). According to the setting of the 
ultramicrotome ( Ul trotome III, LKB-Produkter, 
Bromma, Sweden), the sections had a thickness of 
100 nm. The plastic contains some Cl, which is 
homogeneously distributed over the section, but 
no other elements giving rise to characteristic 
peaks. Similar grids covered with Formvar-f ilm 
but without sections were also used. All film-
covered grids used in measurement series had been 
covered with the Formvar-film at the same time, 
to ensure as much as possible a constant thick-
ness of the film. The grids (both with and 
without sections) were covered with a thin 
conductive layer of carbon; all grids in a series 
were covered with carbon in the same run of the 
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evaporator. Finally, naked copper grids of the 
same batch were used. In some experiments single 
slot copper grids (covered with Formvar film and 
sections) were used. 
Analysis was carried out with a Tracor 5500 
X-ray microanalysis system with a conventional 
energy-dispersive detector mounted on a JEOL 1200 
EX electron microscope. The microscope was 
operated in the scanning transmission mode at 80 
kV. All measurements were carried out at room 
temperature, with the anti-contamination cold 
trap in operation. Beam current (measured on the 
current to the filament, as indicated on the 
display on the microscope) was kept constant, 
unless stated otherwise. The grids were mounted 
in the standard JEOL analytical holder, which is 
made of carbon. The detector was mounted horizon-
tally at a distance of 20 mm from the specimen 
0 ' 
at an angle of about 90 with the length axis of 
the specimen rod. Unless stated otherwise, the 
specimen holder was tilted over 35°. 
The grids were mounted in such a way in the 
holder that the horizontal bars were oriented 
along the longitudinal axis of the specimen 
holder. The grids were viewed at a magnification 
of 1500X. The position of the beam on the grid 
was recorded with the specimen coordinate system 
of the 1200 EX microscope. On the sections, a 
series of measurements was carried out in a 
number of squares, at positions as shown in Fig. 
1, but the measurements were carried out in 
random order. All measurements were done in the 
spot mode. The energy range of 4. 0-6. 0 keV was 
used for determination of the continuum. 
On the naked gr ids, measurements were 
carried out either by direct irradiation of a 
grid bar, or within the open square at the same 
positions as in Fig. 1. 
Measurements of mass loss/ gain during 
analysis were carried out near the middle of a 
grid square, using a software feature that 
allowed recording of X-ray intensities at inter-
mediate points during analysis. 
Results 
Since the carbon specimen holder is rather 
thick, preliminary measurements were carried out 
to determine the optimal geometrical parameters. 
As a criterion for acceptable geometry, the ratio 
of the characteristic Cu L intensity to the Cu K 
intensity was used. According to the results oi 
Fig. 2, a tilt angle of 35-40° proved optimal. It 
also appeared that only the central part of the 
grid can be used for analysis; if analysis was 
carried out at the edges the low-energy part of 
the spectrum is absorbed by the holder, as was 
evident from the low Cu L/K ratio. 
The results of the an~ysis of the sections 
are shown in Table 1. The levels of (total) 
background varied considerably with the position 
Extraneous background correction 
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detector 
Figure 1. Position of measurements A, B, C, D, E, 
and M relative to the grid bars . Measurements A-E 
were carried out at 10 µm from the edge of the 
grid bar. Also the relative position of the 
detector is indicated. The tilt axis is along the 
line A-M-B . 
of analysis within the specimen. The total 
background (Wtotal) was significantly higher 
close to the upper or lower (horizontal) bars 
than in the middle of the squares or close to the 
vertical bars. The Cu K peak, due to excitation 
of the grid, was higgest close to the left, 
upper, or lower bars, and lowest in the middle 
and close to the right bar. The Cu L/K ratio was 
determined as an indication of possil31.e absorp-
tion of artifacts. This ratio was significantly 
decreased at the left side of the square. Also 
the characteristic Cl K peak was significantly 
lower at that position. On the other hand, when 
co pper slot grids were used, the variation in Cu 
L/K ratio was much less. 
a For the extraneous background correction, a 
measurement of W . /G . , and measurements of 
grid qrid. 
w and G . are .required. W . d/G . d was 
m!H~red botW!3~ direct irradiatid'riiof 'ffi~ grid 
bar (using a smaller condenser aperture to avoid 
excessive count rates), and by a 'hole count' at 
the positions indicated in Fig. 1. No significant 
differences between these two methods could be 
observed; neither was W .d/G .d dependent on 
the position of the bea'il{ ire1Jltfve to the grid 
bars in the 'hole count ' measurement series. 
For the film correction various methods were 
tried. Alternative 1 was to use for each measure-
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Figure 2. The Cu L/K ratio ( e ) as function of 
the tilt of the speci~en holder. 
ment on a second grid (without sections). The 
measurements on the sections and those on the 
film matched both with respect to pos ition on the 
grid and with respect to position in the grid 
square, Alternative 2 was to carry out the film 
measurements on the same grid as the measurements 
on the sections. This made it impossible to have 
the same position on the grid, but corresponding 
positions within the grid squares were used. The 
grid squares selected for the film measurements 
were as close as possible to those on which the 
sections were located. Alternative 3 was to use a 
series of measurements at different positions on 
the grid, but all in the middle of a grid square, 
for the determination of Gf.l and Wfilm · 
The results, shown in T~le 2, indicate that 
the final result may be very dependent on the way 
in which the 'film' measurement is carried out. 
Alternative 1 may be slightly better than Alter-
native 2, as judged from the lower coefficient of 
variation for the relative Cl intensity. Alterna-
tive 3 is clearly the least satisfactory . 
Since mass loss (or mass gain, due to 
contamination) may influence the quantitative 
results, the continuum count rate, and the Cu Ka 
count rate were continuously monitored during 
analysis . Fig. 3 shows that while the continuum 
count rate of the film remained constant during 
analysis, the continuum count rate of the section 
decreased by about 10%, indicating net mass loss. 
The effect of changing the beam current (by 
changing the bias) on continuum and Cu Ka inten-
sity is shown in Fig. 4. While, as expected, a 
linear correl ation between the filament and the 
continuum and Cu K intensity is found, Fig. 4 
indicates that evena at the same nominal setting 
G.M. Roomans 
Table 1 
Measurements of the plastic section at different positions relative to the grid bars. 
position !2 ~ s;_ Q. g_ 
wtot 100 + 9 88 .:!: 9 140 + 5* 143 + 19 120 .:!: 18 
Cu K 112 + 4 74 + 10* 159 .:!: 8* 166 + 22* 156 .:!: 19* a 
Cu L/Ka 54 + 12* 132 + 26* 111 .:!: 23 99 .:!: 21 61 .:!: 20* 
Cl 75 + 17* 138 + 41 127 + 9 88 + 26 75 + 29 
All data are given relative to the value in the middle of the grid square (M), where the value 
obtained at Mis set at 100. The positions are as indicated in Fig 1. The data represent mean 
and s.e.m., data indicated by (*) are significantly different from the reference value (M) 
(Mann-Whitney u-test). 
Table 2 
Performance of different methods for extraneous background correction. 
Alternative l:. ~ l 
w 
sp,net 
2149 + 491 1608 + 361 1357 + 443 
CV{%) 22.8 22.4 32.6 
n/n 2 
10/14 10/14 9/14 
Cl/Wsp,net 0.255 + 0.047 0.342 + 0.089 0.389 + 0.097 
CV (%) 18.4 26.0 38.9 
Alternative 1: film correction carried out on second grid (match between position on grid 
and within grid square). Alternative 2: film correction carried out on same grid (match 
between position within grid square only). Alternative 3: film correction carried out in 






in % of the 
net mean and S.D. are given, as well as the coefficient of 
mean. On the basis of the expected ( accumulated) statistical 
errors at the count rates obtained, in Cl/W sp, net a C. V. of 16. 7% would be acceptable. n 1/n 2 
indicates the number (n
1
) of analyses in a series of (n
2
) measurements in which Wsp,net could 
be calculated. In the other cases, this was not possible because Gfilm > Gsp or Wext > Wtotal· 
of the filament current, minor differences in 
count rate cannot be excluded. 
Discussion 
The results of this study seem to indicate 
that geometrical factors have a very great 
importance in the calculation of the correction 
for extraneous background, at least when mesh 
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grids are used. Of prime importance is the 
position of the analysis with respect to the grid 
bars, whereas the position of the analysis with 
respect to the grid is of secondary importance, 
at least as long as the measurement is carried 
out on the 'accessible ' part of the grid. This 
means that for optimal quantitation, a measure-
ment on the specimen should be accompanied by a 
'ma tching' measurement on the film, either on the 
same, or, possibly preferably, on a different 






0 5 10 
period 
Figure 3. Continuum count rate (W ) during 
. ~~1· 
ten 18-sec intervals, expressed as% ot -the value 
of the first interval, for film ( e ) and section 
( 0). Thin vertical bars denote standard errors. 
grid where a complete match of position can be 
obtained. The strong dependence of the result of 
the analysis on the position of the beam with 
respect to the grid bars is probably due to 
'sagging' of the section in the grid square. The 
X-ray absorption caused by this effect would be 
the strongest near the grid bars proximal to the 
detector. 
Correction procedure 3, where no attention 
is given to the relation of the measurement to 
the grid bars performs very poor. With regard to 
the relative position in the grid square, it 
appears that one should avoid coming close to the 
grid bars, except for the right side of the 
square . A low Cu L/K ratio is indicative of 
X-ray absorption, and 'f.he values extracted from 
spectra obtained under such conditions are 
suspect. Relatively low values for total back-
ground may be found despite high Cu Ka intensity, 
due to greater absorption in the energy region of 
the background. The Cu L/K ratio should also be 
monitored to check whethe'£. the measurement is 
carried out on an 'accessible' part of the grid. 
An advantage of the use of copper gr ids ( over 
e.g., titanium or nickel grids) is that monito-
315 
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Figure 4. W (e) and Cu K (0) intensity as 
function oC
0 \'t1e current to 'lhe filament. The 
value of the dark current under the experimental 
conditions used (80 kV) was 52 µA. 
ring of the L/K ratio can be easily carried out, 
and can provige important information on the 
validity of the quantitative measurements. 
Routine monitoring of the Cu L/K ratio is 
therefore recommended. a 
Evidently, the test system chosen puts the 
correction for extraneous background correction 
to a severe test. Use of larger mesh or one-hole 
grids would reduce the problems, as would the use 
of thicker sections. However, the present experi-
mental conditions were chosen to make the pro-
blems with the corrections clearly visible. 
The results of the mass loss experiment of 
Fig. 3 indicate that mass loss in the specimen 
can be much larger than in the film. Together 
with other inaccuracies, this phenomenon may 
cause a situation where G . > G or W > 
. film SP ext 
Wtotal' which makes the correction tcr extraneous 
background impossible. Even in less extreme 
cases, W t may be considerably underestima-
ted. MasfPttts should therefore be monitored. 
The measurement on the film should be 
carried out with the same beam current (specimen 
current) as the measurements on the sample. In 
most electron microscopes, the only way to 
monitor beam current during analysis is the 
indication of the filament current. This is not 
completely satisfactory, as Fig. 4 shows, since 
differences of a few per cent at the same nominal 
value of the filament current appear possible. 
This definitely adds to the total error in the 
quantitation. 
G.M. Roomans 
Because of the inherent problems in the 
continuum determination in biological X-ray 
microanalysis, other, independent methods for the 
measurement of the local mass have been suggest-
ed, e.g., using the bright field transmitted 
electron signal in TEM (Linders et al. 1982) or 
STEM (Halloran et al. 1978). Nonetheless, the 
'continuum' or 'Hall' method with extraneous 
background correction remains the most commonly 
used quantitative technique. The practical 
problems experienced may be alleviated by monito-
ring the systematic errors (geometry, mass loss), 
and by carrying out a sufficient number of 
measurements to neutralize the non-systematic 
errors (variations in beam current). 
The results described in this paper are, to 
a certain extent, instrument-dependent, and may 
be quantitatively different in other electron 
microscopes or with other specimen holders. As 
shown by Nicholson et al. ( 1982) and Warner et 
al. (1985) one can reduce the problem with 
extraneous background by modifying the specimen 
holder or the objective polepiece. However, 
extensive modifications of the 'hardware' may not 
be within the possibilities of all operators. 
Therefore, this study was carried out with 
unmodified commercial equipment. The extent of 
the problem with correction for extraneous 
continuum for other microscopes can be investiga -
ted with a similar set-up as that used in this 
st udy. 
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Discussion with Reviewers 
W.C. de Bruijn: The author explains the "strong 
dependence of the result of the analysis on the 
position of the beam with respect to the grid 
bars" to " sagging of the section in the grid 
square " . Although in my opinion the sagging in a 
one hole grid is more severe than in a meshed 
grid the question can be raised whether there is 
not a more important factor playing a much 
greater role, viz. the height of the section 
between the polepieces. In our instrument, the 
height of the section, actually the position 
where the analysis is performed, is carefully 
adapted (by tilting the specimen 45° along either 
side, while raising or lowering the specimen rod 
until the site to be analyzed does not move 
anymore). When the specimen rod is not tilted, 
specimen transportation in the opposite direction 
(90° with respect to the former) does not change 
the height of the site to be analyzed either. 
0 
However, when the specimen is tilted, say 40 , 
the height differences become severe while moving 
away from the tilt axis. Especially at low 
magnification moving over to the next grid 
square, within the "ac cessible part of the grid" 
can create differences at either side of the tilt 
axis, around 1 mm. Focussing of the electron beam 
restores the electron optical geometry, but the 
question remains whether the geometry with 
respect to the X-ray detector can tolerate this 
change. Could the author (1) give additional 
information about 
Figs. 1 and 2 and 
this aspect, and 
tilt axis in Fig. 
the measurements outlined in 
Tables 1 and 2 with respect to 
( 2) add the direction of the 
1, and (3) give his opinion 
about the thesis that at every measuring site the 
height of the specimen has to be corrected, at 
least in instruments that need a high tilt for 
X-ray microanalysis. 
Author: During the measurements, specimen height 
was moni tared by the procedure outlined above. 
Since the tilt axis was along the line A-M-B in 
Fig. 1, the differences in results between 
positions A and B could therefore never be 
explained by a difference in height. In general, 
however, the point you make is valid: specimen 
Extraneous background correction 
height should be co nstant if accurate quantita-
tive measurements are to be carried out. 
W.C . de Bruijn: In Fig. 4 the effect of bias-
current changes with respect to the W and Cu 
is given in an assumed linear re!g€f5n. The 
linearity can be disputed. Would the author give 
the regression coefficient for these two lines 
and include the lines in Fig. 4? We recently 
performed similar experiments with a LaB source 
over a much wider range of beam intensi ~ies and 
obtained a non-linear trajectory (De Bruijn 
1985). Would the author comment on this dis-
crepancy? 
Author: Fig. 4 only presents the data and since 
no lines are drawn, does not a priori assume a 
linear relationship. However, the regression 
coefficients ( 0. 9602 for the characteristic 
intensity, and 0.9852 for the continuum intensi-
ty) are indicative of such a relationship. 
According to theory, the relationship between 
specimen current and X-ray intensity (both 
characteristic and continuum) should be linear. 
In this study, specimen current was not measured 
directly, but as current to the filament. This 
cu rrent should, according to the manufacturer's 
intention, be linearly related to the specimen 
current. If a non-linear relation between speci-
men current and co ntinuum intensity is found, 
this could be due to different rates of (net) 
mass loss at different beam currents. Likewise, 
specific loss of a particular element from the 
speci men cou ld vary with beam current (Chandler 
1983) . It is therefore not unlikely that one 
co uld observe a non -linear relationship between 
s pecimen current and measured X-ray intensity 
under some experimental circumstances. If one 
does not measure specimen cu rrent directly, a 
non-linear relationship between the current 
actually measured and the specimen current will 
be reflected in the final result. 
K. Zierold: Do your measurements depend on the 
size of the objective aperture and/or the size of 
the scanning area used? 
Author: We routinely carry out our measurements 
with the objective aperture removed, since even 
the largest aperture gives a considerable in-
c rease in extraneous background. We also routine-
ly only use the spot mode for analysis and have 
thus not varied the size of the scanning area in 
this study. 
K. Zierold: Which energy range is used to deter-
mine the continuum W? 
Author: The range of 4.0-6.0 keV was used, since 
we routinely use (about) this range in our 
studies. The choice of continuum region is of 
some importance, however. Shuman et al. ( 1976) 
advocated the use of a low-energy region, e.g., 
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the Al K region, and Roomans and Kuijpers (1980) 
showed t'tat the contribution of the extraneous 
continuum to the total continuum is relatively 
smallest at low energies. Hall et al. (1973) and 
Nicholson et al. (198 2) prefer the 10-20 keV 
region, because this gives a broad region where 
the continuum intensity can be determined with a 
relatively low statistical error, and where in 
addit io n, absorption is less than at lower 
energies . The range of 4. 0-6. 0 keV is a compro -
mise between high and low energy regions for 
continuum determination. 
K. Zierold: The widely used correction method for 
extraneous background you describe is based on 
the assumption that the ratio W /G is 
t 
. ext ext 
cons ant in all measurements. However, this ratio 
may depend on the choice of the energy range of W 
and on the particular X-ray line for determining 
G ext For example, have you tried to use the 
copper L-line instead of the copper K line to 
calculate the extraneous continuum portfon of the 
X-ray spectra obtained from the film or the 
sections? 
Author: Evidently, the constancy of W /G 
ext ext 
requires the use of the same energy range tor 
Wext and the same X-ray line for determining 
G ext If any of these parameters is changed, a 
new value for W /G will have to be deter -
. d . ext ext 
mine . Since the copper L line is much more 
se nsitive to absorption than the copper K line 
or the chosen energy region for W, I do not° think 
that this line would be useful in the correction 
for extraneous background. 
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